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1

SYSTEM AND METHOD FOR PREPARING
HYDROCARBON BLEND FROM MULTIPLE
COMPONENT STREAMS

RELATED APPLICATIONS

This application claims the benefit of Indian Patent Appli-
cation No. 59/MUM/2013 filed on Jan. 8, 2013. The entire
disclosure of this application i1s incorporated herein by
reference.

FIELD OF THE DISCLOSURE

The present disclosure relates to a blend control system
for the preparation of a hydrocarbon blend. More particu-
larly, the present disclosure relates to a system and a method
of regulation of various component streams used for the
preparation ol a hydrocarbon blend.

DEFINITIONS OF TERMS USED IN TH.
SPECIFICATION

L1

As used 1n the present disclosure, the following words and
phrases are generally intended to have the meanings as set
forth below, except to the extent that the context in which

they are used indicate otherwise.

The term ‘attribute’ as used in this specification icludes
the composition of various component streams of the hydro-
carbon blend, property specifications of the hydrocarbon
blend, physical/chemical structure of the hydrocarbon blend
and performance characteristics of the hydrocarbon blend.

The term ‘composition of component streams of the
hydrocarbon blend” as used 1n this specification includes any
one of the composition of reformate, alkylate, FCC naphtha,
straight run naphtha, ethanol, or tertiary amyl methyl ether.

The term ‘property specifications of the hydrocarbon
blend’ as used 1n this specification includes any one of the
property specifications such as RON (research octane num-
ber), MON (motor octane number) and density, composition
of sulphur in the hydrocarbon blend, density of hydrocarbon
blend, composition of benzene, olefins and aromatics, cetane
number and cetane index of the hydrocarbon blend, flash
point measurements, or cloud pomnt/cold filter plugging
point measurements.

The term ‘property data’ of a hydrocarbon blend in the
specification mncludes any one of the research octane number
(RON), motor octane number (MON), reid vapor pressure
(RVP), density, cetane number, cetane index, cloud point,
cold filter plugging point, or tlash point.

The term ‘composition data’ of a hydrocarbon blend 1n the
specification includes any one of the composition of refor-
mate, alkylate, FCC naphtha, straight run naphtha, ethanol
or tertiary amyl methyl ether.

The term ‘analyzing’ includes using a computer/micro-
processor and appropriate soltware to i1dentily molecular
species and reconcile data from various sensing technolo-
gies. The analysis step results 1n characterization of either
the composition or the property of hydrocarbon blends.

The term ‘product specification” or ‘standard specifica-
tion’ means a list of properties that 1s specified by customers
to ensure that the product meets a required quality.

The term ‘product blends’ refers to mixtures of hydrocar-
bon streams used to meet specific product specifications.

The term ‘Controlling” means adjusting the flow of com-
ponent streams either manually or through an automated
system.
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2
BACKGROUND OF THE INVENTION

Products from refinery such as gasoline, diesel and the
like are produced by blending various component streams 1n
order to meet product specifications. For example, gasoline
blend 1s produced 1n a refinery by blending streams such as
reformate, alkylate, FCC naphtha, straight run naphtha,
cthanol, TAME and the like. Gasoline production 1s con-
strained by property specifications such as RON, MON,
RVP, density, distillation, sulfur, aromatics, olefins, benzene
and the like. Each of these component streams have difierent
properties and are blended 1in various proportions to meet
gasoline specifications.

These component streams have minor to large property
fluctuations on a day to day basis. Based on the component
stream property values, the blend proportions are altered to
meet the specifications. Experimental techmques and tests

for analysis of gasoline include RON/MON by CFR engine
test (ASTM D2700, EN 25163, IP 236, ASTM D2699, EN
25164, 1P 237), distillation by ASTM D86, RVP by ASTM
D323, APl/density by ASTM D-287, D-1298, sulfur content
by X-Ray ASTM D-4294/DD-2622, benzene and total aro-
matics by D3606, D3769, D3580, aromatics/olefins by
ASTM D-1319, mercaptan sulfur by D-3227 etc. For diesel,
these techniques include cetane number ASTM D-613, 1P
41, EN ISO 5163, distillation by ASTM D86, cetane index
by ASTM D-4737, 1P 380, EN 4264, ASTM D-976, APl/
density by ASTM D-287, D-1298, flash point measure-
ments, cloud point/cold filter plugging point measurements,
sulfur by ASTM D2784, D3246, D3961, D4468, D6212,
D6667, D5453, D7039, (EDXRF) ASTM D4294 etc.

However, these approaches for analysis of the component
streams suller from drawbacks. Firstly, the above mentioned
techniques for analysis of the component streams are time
consuming Depending upon the lab set up the time period
required for conducting these analytical tests can be one to
two days. This makes 1t practically impossible to analyze all
the component streams on a day to day basis.

In order to meet a specification, schedulers have to rely on
theirr judgment while blending the different component
streams. This approach can sometimes results 1n (a) quality
give away (QGA) 1.e. products have better properties than
what 1s needed/specified, or (b) product failures 1.e. products
do not meet specifications.

There 1s thus felt a need for a system and a method for
preparation of hydrocarbon blends with pre-determined
specification by blending different component streams that
involves frequent regulation of the proportion of each com-
ponent stream during the blending and wherein the regula-
tion of the proportion of each of the component stream 1n the
blend 1s carried out on the basis of frequent analysis of the
properties or compositions of each of the component
streams.

OBIJECTS

Some ol the objects of the present disclosure are
described herein below:

It 1s an object of the present disclosure to improve one or
more problems of the prior methods or to at least provide a
usetul alternative.

It 1s an object of the present disclosure to provide a system
and a method for the preparation of a hydrocarbon blend that
allows frequent analysis of at least one of the component
streams.

It 1s another object of the present disclosure to provide a
system and a method that regulates the tlow of at least one
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of the component streams so as to obtain a hydrocarbon
blend with the desired specifications.

It 15 yet another object of the present disclosure to provide
a system and a method for preparation of a hydrocarbon
blend that minimizes quality give away or product failures.

It 15 st1ll another object of the present invention to provide
a system and a method for the preparation of a hydrocarbon
blend that allows a better process control.

Other objects and advantages of the present disclosure
will be more apparent from the following description when
read 1n conjunction with the accompanying figures, which
are not intended to limit the scope of the present invention.

SUMMARY OF THE INVENTION

The present disclosure envisages a computer imple-
mented blend control system for preparation of a hydrocar-
bon blend from a plurality of components drawn from
respective component tanks. The system, 1n accordance with
the present disclosure comprises:

a) a plurality of sensors and analyzers, wherein each
sensor and analyzer of said plurality of sensors and
analyzers 1s adapted to sense and analyze a first attri-
bute of each of the plurality of the component|s]
streams for obtaining a first attribute data of each of the
plurality of the component streams;

b) a plurality of processors operatively connected to said
plurality of sensors and analyzers, wherein each pro-
cessor of said plurality of processors 1s adapted to
process the first attribute data of each of the plurality of
the component streams for obtaining a second attribute
of each of the plurality of the component streams and
deriving a second attribute data of each of the plurality
of the component streams; and

c) at least one optimizer connected to said plurality of
processors, said at least one optimizer having,

1) a data storage means for storing attribute based
model data,

11) a receiver for recerving the first attribute data, and

111) a comparator adapted to compare the first attribute
data with the attribute based model data, said com-
parator means further adapted to compute an opti-
mized proportion data between each of the compo-
nent streams to enable selective drawing of each of
the component streams 1n accordance with the opti-
mized proportion data for preparing the hydrocarbon
blend.

In accordance with the present disclosure, the system
turther comprises a flow regulator operatively connected to
the at least one optimizer and individual component tanks,
said flow regulator adapted to control the flow of component
streams based on the optimized proportion data.

In accordance with the present disclosure, the first and the
second attributes can be the same or different from each
other.

In accordance with the present disclosure, the first attri-
bute data 1s a combination of data corresponding to the data
of each of the component streams, wherein said combination
of data 1s processed by the processor to derive a combined
second attribute data.

In accordance with the present disclosure, the first attri-
bute of said each of the plurality of the component streams
1s a property attribute, the first attribute data 1s property data,
the second attribute of said each of the plurality of the
component streams 1s a composition attribute, the second
attribute data 1s composition data, and the attribute based
model data 1s composition based model data.
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In accordance with the present disclosure, the first attri-
bute of said each of the plurality of the component streams
1s a composition attribute, the first attribute data 1s compo-
sition data, the second attribute of said each of the plurality
of the component streams 1s a property attribute, the second
attribute data 1s property data, and the attribute based model
data 1s property based model data.

In accordance with the present disclosure, the flow regu-
lator 1s further adapted to adjust at least one control valve.

In accordance with the present disclosure, the flow regu-
lator comprises at least one flow sensor.

In accordance with the present disclosure, the separator
and analyzer comprises a combination of a separating means
and at least one detector means.

In accordance with the present disclosure, the sensor and
analyzer 1s adapted to sense the first attribute at pre-deter-
mined time intervals, said time intervals ranging between 1
hour and 24 hours.

The present disclosure further envisages a computer
implemented method for the preparation of a hydrocarbon
blend from a plurality of components. The method, n
accordance with the present disclosure comprises the fol-
lowing steps:

drawing the plurality of components from respective

component tanks;

sensing and analyzing a first attribute of at least one of the

components, to determine first attribute data;
comparing the first attribute data with pre-stored attribute
based model data;

computing optimized values of proportions based on the

comparison of the first attribute data and determining
the optimized proportion data corresponding to each of
the component streams; and

controlling the flow of component streams based on the

proportion data for preparing the hydrocarbon blend.

In accordance with the present disclosure, the method
turther comprises the following steps:

processing the first attribute data to derive a second

attribute data; and

for comparing the second attribute data with the pre-

stored attribute based model data.

In accordance with the present disclosure, the first attri-
bute and the second attribute are the same.

In accordance with the present disclosure, the first attri-
bute and second attribute are different from one another.

BRIEF DESCRIPTION OF THE
ACCOMPANYING DRAWINGS

FIG. 1 illustrates a flow scheme for property based
blender with stream properties from conventional laboratory
analysis.

FIG. 2 illustrates a schematic of a computer implemented
blend control system for property based/composition based
blend optimization, wherein the component streams flow
individually through the system, in accordance with one
embodiment of the present disclosure.

FIG. 2A illustrates a schematic of a computer 1mple-
mented blend control system for property based/composi-
tion based blend optimization, 1n accordance with one
embodiment of the present disclosure.

FIG. 3 illustrates a schematic of a computer implemented
blend control system for property based/composition based
blend optimization, wherein the component streams tlow in
combination through the system in accordance with another
embodiment of the present disclosure.
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FIG. 3A illustrates a schematic of a computer imple-
mented blend control system for property based/composi-

tion based blend optimization, 1n accordance with another
embodiment of the present disclosure.

FIG. 4(A) shows a system where property data 1s avail-
able for 4 streams, only once a week, and FIG. 4(B) shows
that component stream proportions (recipes) are assumed to
be the same throughout the week.

FIG. 5(A) shows a system where property data 1s avail-
able for 4 streams, every day and FIG. 5(B) shows that
component stream proportions (recipes) are changed/opti-
mized on a day-to-day basis.

FIG. 6 1llustrates the comparison of property tluctuations
in the presence and 1n the absence of implementation of
property based blend system.

DETAILED DESCRIPTION OF TH.
ACCOMPANYING DRAWINGS

(L]

The hitherto reported methods for the preparation of
hydrocarbon blends mmvolve analysis of properties of com-

ponent streams using various experiments in the laboratory
which include RON/MON by CFR engine test (ASTM

D2700, EN 25163, 1P 236, ASTM D2699, EN 25164, IP
237), distillation by ASTM D86, RVP by ASTM D323,
APIl/density by ASTM D-287, D-1298, sulfur content by
X-Ray ASTM D-4294/D-2622, benzene & total aromatics
by D3606, D5769, D3580, aromatics/olefins by ASTM
D-1319, mercaptan sulfur by D-3227, cetane number ASTM
D-613, 1P 41, EN ISO 5163, cetane mndex by ASTM D-4737,
IP 380, EN 4264, ASTM D-976, flash point measurements,
cloud point/cold filter plugging point measurements, sulfur
by ASTM D2784, D3246, D3961, D4468, D6212, D6667,
D5453, D7039, (EDXRF) ASTM D4294 and the like. All of
these presently known methods are time consuming and one
cannot therefore analyze each of the component streams on
a day to day basis before blending (FIG. 1).

In accordance with the present disclosure, there 1s pro-
vided a computer implemented blend control system for
preparing a hydrocarbon blend from a plurality of compo-
nents drawn from the respective component tanks. The
blending of the components from a plurality of component
streams 1s typically based on determination of properties/
composition of the component streams. The properties/
composition of component streams are determined by per-
forming an analysis of the composition streams which are
typically stored 1n individual component tanks. To determine
the properties/composition of the component streams, firstly,
the composition of each of the component streams 1s mea-
sured using gas chromatography (GC) technique. Multiple
analyses of the composition of each of the component
streams 1s carried out at a time interval ranging between 1
hour and 24 hours, preferably at a time-interval of 2 hours.
The gas chromatography analyzer estimates the properties
associated with each of the component streams based on the
analysis of the composition corresponding to each of the
component streams. The estimated property data provided
by the gas chromatography technique 1s converted into
property data of hydrocarbon blend.

In accordance with the present disclosure, for most of the
estimated properties, the property estimates are within
ASTM accuracy of the corresponding process. Properties of
hydrocarbons such as research octane number (RON), motor
octane number (MON), reid vapor pressure (RVP), density,
cetane number, cetane index, cloud point, cold filter plug-
ging point, tflash point and a ratio of components 1n the
hydrocarbon blend can be analyzed.
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Mathematical expressions that are used for converting the
composition data of a component stream to property data
are:

Lstream = E Ipivi
i

RVP, . . = Z o RVPS .y,

where
0....., and p, are the densities of the streams and their
molecular components,
RVP___ _ and RVP, are the RVPs of the streams and their
molecular components
Composition to property models are used to calculate
properties. For gasoline, properties such as density, distilla-
tion properties, Reid Vapor Pressure (RVP), Research
Octane Number (RON), Motor Octane Number (MON) and
other secondary properties (e.g. drivability index which

depends on distillation properties, antiknock index (AKI)
depend on RON/MON and the like).

In accordance with the present disclosure, the gas chro-
matography analyzer comprises PIONA (parailins, 1sopar-
aflins, olefins, naphthenes and aromatics) analyzer. The gas

chromatography analyzer in accordance with the present
disclosure 1s further configured to perform DHA (detailed
hydrocarbon analysis) of each of the component streams.

TABLE 1

Model results and practical results in lab for a gasoline sample

Property Model Lab
Density (Kg/m?) 762.0 757.6
RVP (kPa) 45.4 42.2
RON 96.5 96.4
MON 85.2 85.4
E70 (%) 22.1 21.5
E100 (%) 42.9 40.6
E180 (%) 95.1 93.3
Benzene (%) 1.0 1.1
Olefine (%) 15.7 14.8
Aromatics (%) 3.2 39.2

In accordance with one embodiment of the present dis-
closure, there 1s provided a property based computer 1imple-
mented blend control system for selectively regulating the
blending of at least two components by online analysis of
cach of the component streams which are obtained from
individual tanks. Referring to FIG. 2, there 1s shown a
computer implemented, property based blend control system
100. The system 100 in accordance with the present disclo-
sure includes individual component tanks (not shown in
figures) for storing respective components.

The component streams (stream 1, stream 2...stream n)
form individual component tanks are flown 1nto a sensor and
analyzer 2.

In accordance with this embodiment of the present dis-
closure, the component streams from individual component
tanks are processed separately by the sensor and analyzer 2,
and the first attribute data generated by the sensor and
analyzer 2 1s the data corresponding to each of the individual
component streams. The data corresponding to each of the
individual component streams 1s processed separately by at
least one processor 4, as shown 1n FIG. 2. In accordance with
this embodiment of the present disclosure, the first attribute
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data (property data) 1s the data corresponding to each of the
component streams, and the property data corresponding to
cach component stream 1s separately processed by the
processor 4 to compute separate second attribute data (com-
position data) corresponding to each of the component
streams.

In accordance with this embodiment of the present dis-
closure, the sensor and analyzer 2 recerves the components
from individual component tanks. The system 100 further
includes at least one sensor and analyzer 2 which senses and
analyzes the properties ({irst attribute) of the received com-
ponent streams since the first attribute 1n case of this
embodiment of the disclosure 1s the property attribute. The
sensor and analyzer 2 individually analyzes the property
attributes of each of the components and computes the
corresponding property attribute data (first attribute data).

In accordance with this embodiment of the present dis-
closure, the system 100 further includes at least one opti-
mizer 6 comprising data storage means 6B configured to
store attribute based model data. The attribute based model
data stored 1n the data storage means includes both property
based model data and composition based model data. The
optimizer 6 further includes a receiver 6A configured to
receive the property attribute data corresponding to each of
the components (first attribute data) from the sensor and
analyzer 2. The optimizer 6 further includes comparator 6C
configured to compare the property attribute data (first
attribute data) of each of the components with the stored
property based model data. By comparing the property
attribute data with the stored property based model data, the
comparator 6C computes optimized proportion data between
cach of the components in the plurality of components and
enables selective drawing of the component streams based
on their corresponding properties, for preparing the hydro-
carbon blend.

The selective drawing of the component streams based on
their corresponding properties takes place through the flow
regulator 8 cooperating with the optimizer 6. Depending
upon the optimized proportion data generated by the opti-
mizer 6, the flow regulator 8 enables selective drawing of the
component streams, for preparing the hydrocarbon blend.

In accordance with this embodiment of the present dis-
closure, the individual composition data (second attribute
data) computed by the processor 4 1s transmitted to the
comparator 6C for the purpose of comparison with the
composition based model data. By comparing the compo-
sition attribute data with the stored composition based model
data, the comparator 6C computes optimized proportion data
between each of the component streams 1n the plurality of
components and enables selective drawing of the component
streams based on their corresponding compositions, for
preparing the hydrocarbon blend.

In accordance with another embodiment of the present
disclosure, there 1s provided a computer implemented com-
position based blend control system. The structural compo-
nents of the embodiment of the disclosure are similar to the
embodiment described 1n FIG. 2.

In accordance with this embodiment of the present dis-
closure, the component streams from individual component
tanks are processed separately by the sensor and analyzer 2,
and the first attribute data generated by the sensor and
analyzer 2 1s the data corresponding to each of the individual
component streams. The data corresponding to each of the
individual component streams 1s processed separately by the
processor 4, as shown in FIG. 2.

In accordance with this embodiment of the present dis-
closure, the first attribute data (composition data) 1s the data
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corresponding to each of the component streams, and the
composition data corresponding to each component stream
1s separately processed by the processor 4 to compute
separate second attribute data (property data) corresponding,
to each of the component streams.

In accordance with this embodiment of the present dis-
closure, the sensor and analyzer 2 recerves the components
from individual component tanks. The system 100 further
includes at least one sensor and analyzer 2 which senses and
analyzes the composition (first attribute) of the received
component streams since the {first attribute in case of this
embodiment of the disclosure 1s the composition attribute.
The sensor and analyzer 2 individually analyzes the com-
position attributes of each of the components and computes
the corresponding composition attribute data (first attribute
data).

In accordance with this embodiment of the present dis-
closure, the system 100 further includes at least one opti-
mizer 6 comprising data storage means 6B configured to
store attribute based model data. The attribute based model
data stored 1n the data storage means includes both property
based model data and composition based model data. The
optimizer 6 further includes a receiver 6 A configured to
receive the composition attribute data corresponding to each
of the components (first attribute data) from the sensor and
analyzer 2. The optimizer 6 turther includes comparator 6C
configured to compare the composition attribute data (first
attribute data) of each of the components with the stored
composition based model data. By comparing the compo-
sition attribute data with the stored composition based model
data, the comparator 6C computes optimized proportion data
between each of the components 1n the plurality of compo-
nents and enables selective drawing of the component
streams based on their corresponding composition, for pre-
paring the hydrocarbon blend.

The selective drawing of the component streams based on
their corresponding composition takes place through the
flow regulator 8 cooperating with the optimizer 6. Depend-
ing upon the optimized proportion data generated by the
optimizer 6, the flow regulator 8 enables selective drawing
of the component streams, for preparing the hydrocarbon
blend.

In accordance with this embodiment of the present dis-
closure, the individual property data (second attribute data)
computed by the processor 4 1s transmitted to the compara-
tor 6C for the purpose of comparison with the property based
model data. By comparing the property attribute data with
the stored property based model data, the comparator 6C
computes optimized proportion data between each of the
component streams in the plurality of components and
enables selective drawing of the component streams based
on theiwr corresponding compositions, for preparing the
hydrocarbon blend.

FIG. 3 illustrates another embodiment of the present
disclosure wherein the data corresponding to each of the
individual component streams 1s processed 1in combination
by the processor 4, as shown 1n FIG. 3. In accordance with
this embodiment of the present disclosure, the first attribute
data (property data) 1s the data corresponding to each of the
component streams, and the property data corresponding to
cach component stream 1s processed in combination by the
processor 4 to compute combined second attribute data
(composition data) corresponding to each of the component
streams.

In accordance with another embodiment of the present
disclosure, the first attribute data (composition data) 1s the
data corresponding to each of the component streams, and
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the composition data corresponding to each component
stream 1s processed 1n combination by the processor 4 to
compute combined second attribute data (property data)
corresponding to each of the component streams.

In accordance with the present disclosure, the sensor and >
analyzer 2 includes a separator 2A for selectively separating
the various component streams before analyzing. The sensor
and analyzer 2 further includes a detector 2B configured to
detect the various components tlowing into the sensor and
analyzer 2. 10

FIGS. 2A and 3A 1llustrate alternate embodiments of the
present disclosure wherein the system for preparation of a
hydrocarbon blend does not include a processor. The pro-
cessor 1s omitted from the system for preparing the hydro-
carbon blend, i the event that the first attribute and first s
attribute data are same as the second attribute and second
attribute data respectively.

In accordance with another aspect of the present disclo-
sure, there 1s provided a computer implemented method for
the preparation of hydrocarbon blend, using the property
based blend control system of the present disclosure. The
method, 1n accordance with the present disclosure includes
the following steps:

a) drawing a plurality of components from respective

component tanks;

b) sensing and analyzing a property attribute (first attri- 2>
bute) of the mixture and computing a property attribute
data (first attribute data);

c) comparing the property attribute data (first attribute
data) with pre-stored model data (property based model
data); 30

d) computing optimized values of proportions based on
the comparison of the property attribute data (first
attribute data) to determine proportion data between
cach of the component streams; and

e) controlling tlow of the component streams based on the 4
proportion data for preparing the hydrocarbon blend.

In accordance with this embodiment of the present dis-
closure, the method further includes the steps of

processing the first attribute data (property attribute data)
to dertve a second attribute data (composition attribute
data); and

comparing the second attribute data (composition attri-
bute data) with the pre-stored model data (composition
based model data) and computing optimized values of
proportions based on the comparison of second attri-
bute data (composition attribute data) with the pre- 45
stored model data (composition based model data).

In accordance with another embodiment of the present
disclosure, there 1s provided a computer implemented
method for the preparation of hydrocarbon blend, using the
composition based blend control system of the present sg
disclosure. The method, 1n accordance with the present
disclosure includes the following steps:

a) drawing a plurality of components from respective

component tanks;

b) sensing and analyzing a composition attribute (first
attribute) of the mixture and computing a composition
attribute data (first attribute data);

¢) comparing the composition attribute data (first attribute
data) with pre-stored model data (composition based
model data);

d) computing optimized values of proportions based on
the comparison of the composition attribute data (first
attribute data) to determine proportion data between
cach of the component streams; and

¢) controlling flow of the component streams based on the
proportion data for preparing the hydrocarbon blend. 65

In accordance with this embodiment of the present dis-
closure, the method further includes the steps of:
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processing the first attribute data (composition attribute
data) to dertve a second attribute data (property attri-
bute data); and

comparing the second attribute data (property attribute

data) with the pre-stored model data (property based
model data) and computing optimized values of pro-
portions based on the comparison of second attribute
data (property attribute data) with the pre-stored model
data (property based model data).

In accordance with the present disclosure, the first attri-
bute, first attribute data and the second attribute, second
attribute data can be the same or diflerent from one another.

The system of the present disclosure will now be
described with the help of the following non-limiting
examples.

EXAMPLES

(A)

Detailed hydrocarbon analyzer (DHA) with a flame 1on-
ization detector (FID) relies on single long gas chromatog-
raphy (GC) column for separation, identification, quantifi-
cation ol naphtha-range (e.g. gasoline) molecular
components. A PIONA analyzer relies on multiple GC
columns and traps with specific functions to separate par-
aflins, 1so-paraflins, olefins, naphthenes and aromatics to
give a carbon number-wise breakup of naphtha-range
samples. A GC-MS (Mass Spectrometry) relies on MS as a
detector mstead of FID for molecular identification.

Gasoline specifications depend on the grade. For example

specifications of BSIII/BSIV are given below (Table 2).

TABLE 2

Gasoline specifications depending on the grade
Product specifications

BS II BS III BS IV
Product spec.
Density 710-770 720-775 720-775
RON min 88 o1 01
MON min — 81 81
AKI min 84 — —
Sulfur max ppm 500 150 50
RVP 60 max 60 max 60 max
Benzene max@ 3 1 1
Olefins max — 21 21
Aromatics max — 42 35
E 70 10-40 10-45 10-45
E 100 40-70 40-70 40-70
E 150 min — 75 75
E 180 min 90 — —
FBP Max 215 210 210
VLI max T50%/950%*
Oxygenates max 15 15

*Summer specification,
**Winter specification
TABLE 3

Comparison of (A) conventional laboratory analysis and
(B) analysis by method of the present disclosure

Experiment Time required Sample quantity

(A) Conventional Analysis

Distillation ~45 mins >30 ml
Density ~15 mins >30 ml
RVP ~15 mins >30 ml
RON ~60 mins >30 ml
MON ~60 mins >30 ml
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TABLE 3-continued

Comparison of (A) conventional laboratory analysis and
(B) analysis by method of the present disclosure

Experiment Time required Sample quantity

Benzene ~45 mins <2 ml
Olefins and Aromatics ~20 mins >10 ml
(B) Analysis by the method of the present disclosure

10 to 120 mins <2 ml

Compositional Analysis by
single Gas chromatography
or multiple gas
chromatography (PIONA)

As depicted 1n table 3, 7 conventional laboratory experi-
ments (conventional analysis) can be replaced by 1 experti-
ment by the method of the present disclosure. The method
also minimizes the sample quantity requirement by substan-
t1al amount and also reduces the time and effort for analysis.

(B)

Example of a Method for Preparing Gasoline Blend by
“Property Based Blend Control System” and “Composition
Based Blend Control System”

Comparison 1s made between property data collected on
a daily basis/weekly basis for four different streams and
product blend. FIG. 4A illustrates property data available in
the presence of feedback system for four hydrocarbon
streams and F1G. 4B illustrates property data available in the
absence of the feedback system (online or ofiline) for the
product blend, in which the designed recipes are the same
everyday/throughout the day.

FIG. SA demonstrates property data available in the
presence of the feedback system (online or ofiline) for four
streams on a daily basis and 1n the absence of the feedback
system (online or offline), in which the designed recipes
fluctuating day-to-day.

(€)

Example of Comparing the Process of the Present Dis-
closure with Prior Art Process

An oflline implementation supported property based
blend control system (100) shows the following benefits.
The property fluctuations reduce considerably after imple-
mentation of the new system.

FIG. 6 illustrates fluctuations 1n a selected property (arbi-
trary units) of a product gasoline stream from February 2010
to June 2011. For the first half in the graph (until November
2010) the quality 1s tracked based on a typical system 1.e.
properties ol component streams Irom conventional mea-
surements are measured inirequently e.g. once a month to
control the hydrocarbon blending. Property fluctuation on
the finished product 1s 0.68 units. Second half of the graph
tracks the same property on an improved system with
component stream properties updated daily. Property fluc-
tuation on the finished product 1s considerably reduced to
0.37 units for this period.

Technical Advantages

The technical advantages of the present disclosure include
the realization of the following:

providing a system and a method for the preparation of a

hydrocarbon blend that allows frequent analysis of at
least one of the component streams;
providing a system and a method that regulates the flow
of at least one of the component streams so as to obtain
a hydrocarbon blend with the desired specifications;

providing a system and a method for preparation of a
hydrocarbon blend that mimimizes quality give away or
product failures; and
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providing a system and a method for the preparation of a
hydrocarbon blend that allows a better process control.

The mvention claimed 1s:

1. A computer implemented blend control system {for
preparation of a hydrocarbon blend from a plurality of
component streams drawn from respective component tanks,
said system comprising:

a) a plurality of sensors and analyzers, wherein each
sensor and analyzer of said plurality of sensors and
analyzers 1s configured to sense and analyze a first
attribute of each of the plurality of the component
streams for obtaining a first attribute data of each of the
plurality of the component streams, wherein each sen-
sor and analyzer comprises a separator configured to
selectively separate various component streams 1nto 1ts
constituents and a detector configured to detect the
proportion of each constituent 1n the component
streams;

b) a plurality of processors operatively connected to said
plurality of sensors and analyzers, wherein each pro-
cessor of said plurality of processors 1s configured to
process the first attribute data of each of the plurality of
the component streams for obtaining a second attribute
of each of the plurality of the component streams and
deriving a second attribute data of each of the plurality
of the component streams;

c) at least one optimizer connected to said plurality of
processors, said at least one optimizer having;:

1) a data storage means for storing an attribute based
model data;

11) a recerver for recerving the second attribute data; and

111) a comparator configured to compare the second
attribute data with the attribute based model data,
said comparator further configured to compute an
optimized proportion data between each of the com-
ponent streams to enable selective drawing of each
of the component streams in accordance with the
optimized proportion data for preparing the hydro-
carbon blend; and

d) a tlow regulator operatively connected to the at least
one optimizer and the individual component tanks, said
flow regulator configured to control the flow of the
component streams based on the optimized proportion
data,

wherein the first attribute of said each of the plurality of
the component streams 1s a property attribute, the first
attribute data 1s property data, the second attribute of
said each of the plurality of the component streams 1s
a composition attribute, the second attribute data is
composition data, and the attribute based model data 1s
composition based model data.

2. The blend control system as claimed in claim 1,
wherein each of said analyzers 1s at least one selected from
the group consisting of a detailed hydrocarbon analyzer
(DHA), a PIONA analyzer and a GC-MS analyzer.

3. A computer implemented blend control system for
preparation of a hydrocarbon blend from a plurality of
component streams drawn from respective component tanks,
said system comprising:

a) a plurality of sensors and analyzers, wherein each
sensor and analyzer of said plurality of sensors and
analyzers 1s configured to sense and analyze a first
attribute of each of the plurality of the component
streams for obtaining a first attribute data of each of the
plurality of the component streams, wherein each sen-
sor and analyzer comprises a separator configured to
selectively separate various component streams 1nto 1ts
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constituents and a detector configured to detect the of the component streams in accordance with the
proportion of each constituent in the component optimized proportion data for preparing the hydro-
streams; carbon blend; and

b) a plurality of processors operatively connected to said d) a flow regulator operatively connected to the at least
plurality of sensors and analyzers, wherein each pro- 3 one optimizer and the individual component tanks, said
cessor of said plurality of processors 1s configured to flow regulator configured to control the flow of the
process the first attribute data of each of the plurality of component streams based on the optimized proportion

the component streams for obtaining a second attribute data

of each of the plurality of the component streams and ’

deriving a second attribute data of each of the plurality 10

of the component streams;

c) at least one optimizer connected to said plurality of

processors, said at least one optimizer having:

1v) a data storage means for storing an attribute based
model data; 15

v) a recerver for receiving the second attribute data; and

vl) a comparator configured to compare the second
attribute data with the attribute based model data,

wherein the first attribute of said each of the plurality of
the component streams 1s a composition attribute, the
first attribute data 1s composition data, the second
attribute of said each of the plurality of the component

streams 1s a property attribute, the second attribute data

1s property data, and the attribute based model data 1s
property based model data.

4. The blend control system as claimed in claim 3,

wherein each of said analyzers 1s at least one selected from

- the group consisting of a detailled hydrocarbon analyzer
said comparator further configured to compute an SHOUp 5 Y Y
optimized proportion data between each of the com- 20 (DHA), a PIONA analyzer and a GC-MS analyzer.

ponent streams to enable selective drawing of each I N
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